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THE EFFECT OF ADRENALECTOMY AND OF THE
ADRENOCORTICOTROPHIC AND GROWTH HOR-
MONES ON THE SYNTHESIS OF FATTY ACIDS*
ISAAC D. WELTt AND ALFRED E. WILHELMIt
The recent work of Stetten and his colleagues'
' has drawn attention
to the facts that the process of fat synthesis from carbohydrate may often
be a major pathway of carbohydrate metabolism in the normal animal,
that this process is greatly accelerated by insulin, and that in the diabetic
animal the conversion of sugar to fat is almost completely suppressed.
This paper is a report of experiments upon certain other endocrine effects
on the process of fat synthesis. It is found that in plateaued female albino
rats, on a high-carbohydrate, fat-free diet, adrenalectomy is followed by
a greatly increased uptake of deuterium in the liver and body fat in an
8-day period during which a constant concentration of deuterium is main-
tained in the body water. Treatment of normal female rats, maintained
under the same conditions, either with adrenocorticotrophic hormone
(ACTH) or with growth hormone (GH) leads to a diminished uptake
of deuterium in the liver and body fats, relative to that observed in normal,
untreated control animals.
Methods
All of the animals used were female albino rats of the Sprague-Dawley strain as
supplied by the Holtzman Company. They weighed between 150 and 200 grams upon
arrival in the laboratory, and they were maintained on a diet of Laboratory Chow
until they had attained their "plateau" weights, of the order of 230 to 280 grams.
Each group of animals was maintained for a week, in advance of the experiment
proper, upon the fat-free high carbohydrate diet of the composition given below.
During this period and the subsequent experimental period the rats were kept in
individual wire-bottomed cages in a room at constant temperature (750 F.). Measure-
ments of food intake were made at two-day intervals. Adrenalectomy was performed
by the dorsal-lumbar approach two weeks before the beginning of the experiment
proper. The animals were maintained thereafter on drinking water containing 0.7 per
cent sodium chloride and 0.3 per cent sodium bicarbonate.
The animals receiving ACTH (Armour Lot 41-L-3) were given a total dose of
1 mg. per 100 gm. of body weight daily, in two intraperitoneal injections of 0.1 ml.
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of saline solution. Those receiving growth hormone were given intraperitoneally 1 mg.
daily of a highly purified crystalline preparation (Armour, Lot 22KR2) in 0.2 ml. of
saline solution. In both instances, treatment was begun 4 days before the experiment
and was continued throughout the 8 days of the experiment.
The high-carbohydrate, fat-free diet was of the following percentage composition:
casein, 15; dextrin, 50; cornstarch, 30; salt mixture (Phillips and Hart'7 modified by
the addition of cobalt chloride), 5; plus the following vitamins (in mg. per kilogram
of diet): thiamine hydrochloride, 8; riboflavin, 5; nicotinic acid, 50; pyridoxine
hydrochloride, 5; calcium pantothenate, 50; biotin, 5; folic acid, 0.5; menadione
(synthetic vitamin K), 5; a-tocopherol acetate, 100; choline chloride, 1000. Vitamins
A and D were given separately, by medicine dropper, at weekly intervals. For the
adrenalectomized animals the potassium phosphate and the potassium iodide in the
salt mixture were replaced by the corresponding sodium salts. The diet was served in
food cups with a certain amount of water as a binder. A separate cup full of food was
kept near the cages and weighed in order to determine water losses by evaporation, so
that the measurements of food intake could be corrected for this factor.
Four groups of 12 rats each (normal, adrenalectomized, ACTH-treated, and GH-
treated) were subjected to the following experimental procedure. Each animal was
given a subcutaneous injection of 1 ml. per 100 gm. of body weight of a 0.9 per cent
solution of sodium chloride in 99.8 per cent deuterium oxide and was provided there-
after with drinking water containing 2 per cent deuterium oxide. Groups of 3 rats
were sacrificed on the first, second, fourth, and eighth day after the administration
of deuterium.
At the time of sacrifice, each rat was anesthetised with ether, and 5-7 ml. of blood
were withdrawn from the inferior vena cava, placed in a centrifuge tube with a little
powdered potassium oxalate, and centrifuged. The plasma was distilled at low tempera-
ture in vacuo and samples of the water were stored in sealed glass ampoules. These
samples were used for the determination of the deuterium concentration in the body
water. After the blood sample was taken, the liver was removed, blotted, weighed, and
set aside for extraction of the total fatty acids. The gastrointestinal tract was then
removed, and the empty carcass was weighed and prepared for extraction of the fatty
acids first by flaying the carcass and cutting the skin into small bits with scissors,
next by chopping the carcass into a dozen small pieces with a cleaver, and finally by
homogenizing both skin and carcass together in about 45 ml. of water in a Waring
blendor. The total fatty acids were isolated from both the liver and the carcass by the
methods used by Schoenheimer and Rittenberg.n
The samples of plasma water and of fatty acids were prepared for determination of
their deuterium content by combustion in an apparatus designed by Mr. Jack Graff
of this laboratory.8 The water of combustion is reduced to hydrogen gas which is
collected in small sampling "pearls" fitted with a stopcock. The deuterium content of
the gas was determined in a mass spectrometer fitted with a 60° tube. The instrument
was calibrated against known concentrations of deuterium. Frequent checks on the
calibration were made by running determinations of known samples between short
series of observations on the experimental samples. Whenever an experimental sample
seemed to be aberrant, the determinations of deuterium were repeated. In every
instance excellent checks were obtained.
Results
A summary of the pertinent data of these experiments is presented in
Table 1. The figures are the mean values obtained at each point for each
group of 3 animals. An estimate of the standard deviation within the
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groups of 3 animals is placed at the bottom of the columns for liver and
carcass fatty acids, for body water deuterium, and for deuterium (as per
cent of body water deuterium) in the liver and carcass fatty acids.
It may be noted that there is little difference in the mean body weights
of the several groups and that the changes in weight during the experiment
TABLE 1
SUMMARY OF GENERAL DATA FOR THE NORMAL, ADRENALECTOMIZED, GROWTH
HORMONE-TREATED, AND ACTH-TREATED FEMALE RATs*
Group
Normal
Adrex
Normal +
growth
hormone
Day
1
2
4
8
1 257 (+7)
2 264 (+2)
4 271 (-1)
8 271 (-8)
1 267 (+3)
2 261 (+5)
4 261 (+7)
8 258 (+10)
Normal + 1 242 (-4)
ACTH 2 244 (-1)
4 239 ( 0)
8 230 (-7)
Standard deviation within
groups of 3 rats:
Fatty acids
(gm. per100
gm. body
weight)
Liver Carcass
0.133 8.35
0.130 9.4
0.106 9.2
0.126 8.6
8.2 0.110
7.2 0.106
5.4 0.096
7.4 0.108
8.9 0.138
8.5 0.142
7.9 0.128
7.7 0.144
7.1 0.121
7.4 0.125
8.2 0.121
7.8 0.104
Body water
deuterium
atom per
cent excess
1.27
1.29
1.46
1.36
6.5 1.41
6.4 1.31
7.1 1.31
7.2 1.40
9.0
8.35
7.8
7.0
8.3
7.95
8.2
7.9
+0.017 ±1.05
1.43
1.43
1.42
1.35
1.35
1.26
1.32
1.18
Deuterium in
fattyacids
(asper cent
ofwater
deuterium)
Liver Carcass
15.58
24.53
20.32
26.03
17.96
22.50
24.36
36.40
8.09
9.91
16.13
13.45
9.80
12.60
15.20
22.79
2.40
3.20
4.11
5.72
3.34
4.13
5.77
18.34
1.14
0.93
2.20
4.25
0.57
1.52
3.99
4.45
±0.09 ±4.14 +2.10
(+0.94)t
* The figures are the mean values for groups of 3 rats on each day.
t Excluding adrenalectomized group on day 8.
are, on the whole, small. The growth hormone-treated animals show the ex-
pected steady gain in weight during the experiment, and the ACTH-treated
animals show a slight tendency to lose weight as the experiment progresses.
The quantities of liver fat are seen to be fairly uniform among all of the
groups of animals, and they show no tendencies toward progressive change
from day to day within each of the large groups of 12 animals. Somewhat
less uniformity is seen in the quantities of carcass fats. There is a progres-
sive decrease with time in the carcass fats of the growth-hormone treated
Final body Averagefood
weight (gm.) intake (gm.
andweight per100gm.
change body weight)
244 (+2) 8.4
262 (+3) 8.0
265 (+6) 7.5
258 (+5) 7.9
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animals which is in accord with the effects of this hormone previously ob-
served.'4 In the other three large groups of 12 animals there is no dis-
cernible change in carcass fat with time. The adrenalectomized animals,
however, have somewhat lower carcass fats than all of the others. This is
due, at least in part, to the tendency of adrenalectomized animals toward
a certain capriciousness of appetite. Some preliminary trials with different
diets were made in an attempt to overcome this difficulty, and although
the adrenalectomized animals maintained relatively good appetites on the
diet described above, it is seen that the fourth-day group of adrenal-
ectomized animals deviates markedly in food intake from all of the other
groups. It is probable that the decline in carcass (and in liver) fat in the
adrenalectomized animals took place in the period shortly after operation,
before they recovered and stabilized on the synthetic diet. The smaller
quantities of liver and carcass fats in this group affect the experiment in
the sense that the dilution of deuterium incorporated in newly synthesized
fatty acids is less in this group than in the others; the higher deuterium
concentration could therefore give a false impression of greater synthesis.
It may be said, however, that these differences in liver and carcass fats are
in fact not great enough to outweigh the differences in deuterium uptake
observed between the normal and the adrenalectomized rats.
A satisfactory uniformity in concentration of deuterium in the body
water was achieved in all of the groups. The variation within groups of
the deuterium concentration in the liver fats (expressed as per cent of the
body water deuterium) was also reasonably uniform. The variation in
deuterium concentration in the carcass fats was seriously aberrant in only
one group (that of the adrenalectomized animals on day 8). The gross
data therefore have the degree of uniformity required for reasonable con-
fidence that the changes in deuterium concentration with time, in the dif-
ferent experimental groups, may be related to rates of synthesis of fatty
acids. The concentrations of deuterium found in the liver and carcass
fatty acids of the normal animals are very like those observed by other
workers in similar experiments.'
It was hoped, as the design of these experiments indicates, to make an
analysis of the kinetics of fat synthesis under each condition of treatment.
At the same time the use of 3 animals at each point was intended to show
whether the factor of biological variation (which has not been taken into
account in any previous work of this kind) is in fact sufficiently small to
make secure the assumptions upon which analyses of kinetics have been
based." These data suggest that this is not so. If one examines the data
relating deuterium concentration in either liver or carcass fats to time
(day 1 to day 8), for each experimental group, there is in no instance a
significant departure from linearity for this relation.
The data were therefore treated by analysis of variance (see Snedecor,"
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section 11.8, p. 275) by which it is possible to determine the significance
of differences due to the different treatments over all four points of the
experimental period. In this method all of the experimental data are used.
The observed variations are divided into those occurring between groups (i.e., the
observed effects of treatment, of time, and of "interaction"-that is, any difference in
the manner of the response to treatment over the time course of the experiment), and
into the variations within groups-the random error of the observations. The ratio of
the mean square for treatment to the mean square for error (F) is determined for any
pair of experimental groups-i.e., normal versus adrenalectomized, ACTH-treated, or
TABLE 2
SUMMARY OF ANALYSIS OF VARIANCE:
LIVER FATTY ACID DEUTERIUM
Source of Sum of Degrees of Mean
variation squares freedom square Ft p
Normal vs. Adrex
Total 1176.6226 23
Between groups* 837.3983 7
Within groups (error) 339.2283 16 21.20
Treatment 81.7704 1 81.77 3.86 >0.05<0.1
Normal vs. ACTH
Total 909.2967 23
Between groups 696.3346 7
Within groups (error) 212.9621 16 13.31
Treatment 240.0970 1 240.10 18.04 <<0.01
Normal vs. GH
Total 1088.1496 23
Between groups 880.9695 7
Within groups (error) 207.1801 16 12.95
Treatment 566.3845 1 566.4 43.7 <<0.01
* Variation between groups includes effects of time, treatment, and interaction.
There was no significant interaction in any of these comparisons. The differences due
to time were all highly significant.
tF (1, 16) = 4.49 for p = 0.05; = 8.53 for p = 0.01.
GH-treated animals. The magnitude of this ratio is related to the probability (p) that
the differences in treatment could have occurred by chance. If the combined data of all
four treatments are analyzed in the same way, it can be seen that there are significant
effects of treatment, time, and interaction, but it is necessary to make the comparison
in pairs, as indicated, in order to determine which of the treatments differs significantly
from the normal controls.
Table 2 presents a summary of the analysis of variance for the deuterium
concentration in the liver fatty acids. It is seen that treatment with either
ACTH or GH brings about a significantly smaller accumulation of
deuterium during the experimental period than that seen in the normal
animals. The adrenalectomized animals attain higher levels of deuteriumYALE JOURNAL OF BIOLOGY AND MEDICINE
in the liver fatty acids than the normal animals do, but the difference just
fails to be significant at the 5 per cent level. From Table 1 it is seen that
the observations overlap on days 1 and 2, but that the levels in the normal
animals do not differ significantly after the first day, whereas those in
the adrenalectomized animals increase on both the fourth and the eighth
day and are certainly significantly higher than the normal values at these
times.
The quantity of fatty acids in the liver at any time is a resultant of four
variables: hepatic fatty acid synthesis, transport to the liver (after inges-
tion or from the depots), oxidation in the liver, and transport from liver
to depots. The two latter processes are assumed to draw upon represen-
tative samples of the liver fatty acids, and they should not, therefore, in-
fluence the deuterium concentration. The transport of fatty acids from
depots of relatively low isotope concentration to the liver can easily dilute
the deuterium accumulated by even the most active synthetic process in
the small fatty acid store in that organ. Since the rates of synthesis in and
of transport to the liver may vary independently, no conclusions can be
drawn from these data about the relative rates of synthesis of fatty acids
in the livers of the normal as compared to the differently treated rats in
this experiment. It is known, for instance, that adrenalectomized animals
do not mobilize fats to the liver as readily, in a number of emergencies, as
normal animals.' The observations in these experiments might therefore
be accounted for if there is some retardation of fat transport to the liver
in adrenalectomized animals. Both ACTH and GH have been shown to
be ketogenic.' The smaller accumulation of deuterium in the liver fatty
acids of the animals treated with these hormones might therefore be due
to an increased rate of mobilization of fat to the liver. It is of course
possible that each of these treatments does have an effect on hepatic fatty
acid synthesis, but this cannot be concluded from the liver data above.
Table 3 presents a summary of the analysis of variance for the deuterium
concentration in the carcass fatty acids. It is seen that the carcass fatty
acids in the adrenalectomized animals have attained significantly higher
concentrations of deuterium than those in the normal animals and that
the accumulation of deuterium in the carcass fatty acids of the ACTH-
and GH-treated rats is significantly lower than in the normal animals.
The quantity of carcass fatty acids at any time is also a resultant of
four variables: peripheral (non-hepatic) fatty acid synthesis, transport of
fat from the liver or the intestine to depots, oxidation, and transport of fat
to the liver. As in the instance of the liver, the latter two processes are
not expected to affect the deuterium concentration of the carcass fatty
acids. Since the deuterium concentration of the liver fatty acids is always
considerably higher than that of the carcass fatty acids (Table 1), trans-
port of fat from the liver to the peripheral tissues can have the effect only
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of increasing the deuterium concentration of the carcass fatty acids. Since
in animals on a fat-free diet there is no process tending to dilute the
deuterium of the carcass fatty acids, the concentrations of isotope found
there may be taken as a measure of the amount of synthesis of fatty acids
taking place during the experiment. It may be noted that on the average,
for the 48 animals used in these experiments, there is 65 times as much
carcass fat as liver fat. The ratio of liver fatty acid deuterium to carcass
TABLE 3
SUMMARY OF ANALYSIS OF VARIANCE:
CARCASs FATTY AcID DEUTERIUM
Source of Sum of Degreesof Mean
variation squares freedom square Ft p
Normal vs. Adrex
Total 686.5079 23
Between groups* 562.0007 7
Within groups (error) 124.5072 16 7.78
Treatment 97.8076 1 97.81 12.57 <0.01
Normal vs. ACTH
Total 75.6048 23
Between groups 59.3107 7
Within groups (error) 16.2861 16 1.02
Treatment 9.0160 1 9.02 8.84 <0.01
Normal vs. GH
Total 65.3532 23
Between groups 56.9398 7
Within groups (error) 8.4134 16 0.53
Treatment 17.9055 1 17.91 33.8 <<0.01
* Variation between groups includes effects of time, treatment, and interaction. There
is significant interaction only in the comparison: normal vs. adrex, which means that
the deuterium concentration in the carcass fatty acids of the adrenalectomized animals
was changing in a different fashion with time. The differences due to time were all
highly significant.
tF (1, 16) = 4.49 for p = 0.05; = 8.53 for p = 0.01.
fatty acid deuterium averages 4.5:1. There is therefore, on the average,
some 14 times as much deuterium in the carcass fatty acids as there is in
the liver fatty acids. The carcass fatty acids, despite their lower isotope
concentration, much more nearly represent the amount of fatty acid syn-
thesis that has occurred in the whole body during the experimental period.
The analysis in Table 3 indicates that treatment of normal female rats
with ACTH or with GH significantly inhibits the process of fatty acid
synthesis. The fact that the ACTH-treated rats have somewhat smaller
amounts of carcass fats than the normal animals and that treatment with
growth hormone brings about a progressive decline in the carcass fattyYALE JOURNAL OF BIOLOGY AND MEDICINE
acids, does not prejudice this interpretation, since the accumulation of
isotope in the smaller pool, at the same rate as in the normal animals,
would lead to a higher concentration of isotope in the carcass fatty acids
of the treated animals.
Although the adrenalectomized animals have a significantly higher con-
centration of deuterium in the carcass fatty acids than the normal animals
do, two difficulties must be met before this observation can be interpreted
with confidence. First, the method of analysis of variance depends for
validity upon uniformity of the variances among the groups of observa-
tions. The variance of the observations on one group of adrenalectomized
animals (Table 1, day 8) differs widely from that of all of the other
groups. The variance is, however, roughly proportional to the mean
isotope concentration of that group of 3 animals, and it is therefore pos-
sible to control this aberration by conducting the analysis of variance in
terms of the logarithms of the observed isotope concentrations in the car-
cass fatty acids of the normal and the adrenalectomized animals. A sum-
mary of this analysis is presented in Table 4, A. It is seen that there is
still a highly significant difference.
The second difficulty is that the adrenalectomized animals as a whole
have somewhat smaller amounts of carcass fatty acids than the normal
animals. The observed isotope concentrations might therefore be arti-
ficially high and not related to increased synthesis of fatty acids. An at-
tempt was made to control this "dilution effect" roughly by taking, in each
instance, the product of the amount of carcass fatty acid (in gm./100 gm.
final body weight) and of deuterium concentration (as per cent of body
water deuterium). For the reason that the group variances differed but
were roughly proportional to the group means, the analysis of variance
was done with the logarithms of the products so obtained. The summary,
presented in Table 4, B, shows that the difference is still comfortably above
the 5 per cent level of significance.
It may be concluded, therefore, that in the albino rat on a fat-free, high-
carbohydrate diet, adrenalectomy is followed by an increase in the rate of
synthesis of fatty acids. Since in these experiments the amount of body
fat was nearly constant during the period of observation, it follows that
after adrenalectomy the rat utilizes fat at an increased rate as well. In
effect the adrenalectomized animal diverts a greater proportion of carbo-
hydrate through the metabolic pathway of fat synthesis and combustion.
Discussion
These experiments are subject to an important criticism in respect to
design. Each of the experimental groups was run consecutively and not
concurrently, and it may be questioned whether the responses of different
groups of animals are sufficiently consistent that the same or nearly the
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same result might reasonably be expected whenever the experiment is re-
peated. Limited time and facilities have prevented repetition of the whole
experiment either in this design or in a much better design in which each
experimental group contains animals under each kind of treatment and is
repeated several times. The fact that the average responses of the normal
rats closely resemble those observed by other workers in similar experi-
ments and that the differences due to the different treatments are highly
significant encourages confidence in the results. Nevertheless, without
repetition, or independent confirmation of the experiment in a proper de-
TABLE 4
SUMMARY OF ANALYSIS OF VARIANCE:
CARCASS FATTY ACIDS
NORMAL VERSUS ADRENALECTOMIZED GROUPS
Source of Sum of Degreesof Mean
variation squares freedom square F* p
A. In terms of logarithms of deuterium concentration.
Total 1.634490 23
Between groups 1.459657 7
Within groups (error) 0.174833 16 0.0109
Treatment 0.301056 1 0.3010 27.55 <<0.01
B. In terms of logarithms of products of carcass fatty acid (gm./100 gm. final
body wt.) and deuterium concentrations.
Total 1.647320 23
Between groups 1.245530 7
Within groups (error) 0.40179 16 0.0251
Treatment 0.11816 1 0.1182 4.71 <0.05
* F (1, 16) = 4.49 for p = 0.05; = 8.53 for p = 0.01.
sign, the conclusions, however reasonable and suggestive, must be regarded
as tentative.
The effect of adrenalectomy in accelerating fat synthesis and of treat-
ment with ACTH in retarding it may come as a surprise. There are
numerous references in the literature suggesting that adrenalectomized ani-
mals tend to lose their body fat."' Most of the recorded observations have
been made upon adrenalectomized animals in a critical state of adrenal in-
sufficiency, after a more or less prolonged period of partial inanition.
Account was not taken of the marked loss of appetite that occurs in ani-
mals in adrenal insufficiency. More recently, Schiffer and Wertheimer2'
have presented data in which the factor of food intake is taken into account.
They observed that the fat content of adrenalectomized rats was much
less than that of pair-fed controls after a period of several days on the
same diet. The composition of the diet and the level of food intake were
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not recorded. The amounts of fat present were measured by the dissection
and weighing of obvious fat depots rather than by extraction of total fat
or fatty acids from the comminuted whole carcass. The amounts of fat
present in the bodies of representative groups of experimental animals at
the beginning of the experimental period were not observed or recorded.
One cannot therefore know what normal variations in body fat occur
among this particular strain of rats and what changes in amount of fat
might have taken place during the experiment. The insufficient method of
analysis also makes the interpretation difficult. It may be noted that one
conclusion of the present experiments is that the rate of fat utilization,
as well as that of fat synthesis, is increased after adrenalectomy, since the
adrenalectomized animals showed no tendency to gain body fat during the
experiment. If appetite and food intake are not maintained by providing
a diet pleasing to the animals and by maintaining them on extra sodium
chloride, it may be expected that adrenalectomized animals in a state of
partial inanition will indeed lose their body fat at a rate greater than
normal. Bernhard and Steinhauser4 have presented good evidence illus-
trating the marked effect of inanition in depressing fat synthesis. The
demonstration that this process is accelerated in adrenalectomized rats
therefore depends closely upon finding conditions in which the level of
food intake is at or near the normal level. Such conditions were, on the
whole, satisfactorily met in these experiments.
There have been few studies of the effects of ACTH on fat metabolism
in the rat. Evans and his colleagues' have shown that this hormone is
ketogenic, which invites the suggestion that ACTH may increase fat util-
ization. Li, Evans, and Simpson' have also reported that treatment with
ACTH appears to increase the fat content of hypophysectomized rats. In
their experiments, only the final body composition of the animals was re-
ported, and the comparisons were made between untreated hypophysect-
omized rats and similar animals treated for ten days with ACTH. The
food intakes were kept constant by arbitrary restriction to 4.5 gm./day.
Again, since the initial body composition of a representative group
of the experimental animals was not reported, it is difficult to interpret
these observations. Differences in the composition of the weight loss dur-
ing the experiment might account for the results observed. Ingleu has
observed that in normal rats force-fed a constant daily quantity of a high-
carbohydrate diet and subjected to continuous subcutaneous injection with
ACTH for a period of three weeks, the body fat disappears almost com-
pletely. This observation is consistent with those of the present experi-
ments.
The observation that adrenalectomized animals tend to use a greater
proportion of their carbohydrate over the pathway of synthesis and sub-
sequent oxidation of fat and that this tendency is opposed by ACTH may
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help to throw light upon a number of other phenomena. It is well estab-
lished that adrenalectomized animals lose their liver glycogen store during
fasting at a greater than normal rate. They are also unusually sensitive to
insulin, a hormone shown by Stetten and his colleagues to have a marked
accelerating effect on the synthesis of fat from carbohydrate."' Adrenal-
ectomy, as well as hypophysectomy, leads to an amelioration of pancreatic
diabetes."' That this is not due only to a decrease in the processes of pro-
tein catabolism and gluconeogenesis is indicated by the facts that in such
doubly operated animals the D :N ratio falls to very low levels (indicating
an actual increase in carbohydrate utilization) and that the administration
of adrenal cortical extract may lead, in the fed animal, to an increased
sugar output rather in excess of that which can be accounted for by the
concomitant increase in nitrogen excretion. Stetten and Boxer" have
shown that in the diabetic rat on a high-carbohydrate diet the process of
conversion of sugar to fat is very nearly completely suppressed. It may
be suggested that the removal of the hypophysis or of the adrenals relieves
ati inhibition of fat synthesis and that in the hypophysectomized-diabetic
or adrenalectomized-diabetic animal one has a preparation in which the
process of conversion of carbohydrate to fat is resumed at its "natural"
rate, unregulated by the endocrines, and subject mainly to variations in
the amount and composition of the diet and, possibly in some small degree,
to fluctuations in immediate metabolic requirements for one or the other
of the principal energy-yielding substrates.
An aspect of the "diabetogenic" action of the adrenal cortical hormones
is illustrated by the work of Ingle. In his experiments normal rats, daily
force-fed a constant large amount of a high carbohydrate diet, exhibited
a glycosuria of considerable magnitude during periods in which they were
injected with cortical extracts or with crystalline cortical hormones. The
concomitant increase in daily nitrogen excretion was far too small to
account for the amounts of sugar excreted. The suggestion is strong that
these animals, under the influence of cortical hormone, were no longer able
to dispose of the large amounts of carbohydrate that they dealt with easily
both before and after the periods of hormone injection. From these ex-
periments and the observations reported here, it may be suggested that
part, at least, of the "diabetogenic" action of the adrenal cortical hormones
(and of ACTH) can be ascribed to their property of inhibiting the process
of conversion of carbohydrate to fat.
The action of growth hormone in inhibiting the process of fat synthesis
is of very great interest in the light of the demonstration by Young and
his colleagues,' by Houssay and Anderson,9 and by Campbell and his col-
leagues' that highly purified growth hormone is diabetogenic in the intact
cat and dog. In this laboratory Russell"9 has also observed that large doses
of purified growth hormone can intensify the mild diabetes of alloxan-
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treated rats. The "glycostatic" actions of anterior pituitary extracts,18
which can be reproduced by purified growth hormone,10 indicate that this
agent plays an important part in the conservation of carbohydrate by the
organism. The glycostatic action of growth hormone in the fasting
hypophysectomized rat is independent of the presence of the adrenal cor-
tex,2 but the glycostatic action of this hormone in the fasted rat given a
glucose meal cannot be obtained in the adrenalectomized rat unless a dose
of adrenal cortical extract, too small to have any effect in itself, is ad-
ministered along with the growth hormone.'" Since the present experi-
ments were conducted on intact animals, it is impossible to learn from them
what respective parts the adrenal cortical hormones and the growth hor-
mone play in suppressing liponeogenesis. The interesting questions are
raised, however, whether the growth hormone is the primary agent and
the cortical hormone is necessary but merely permissive (as for the ex-
pression of the glycostatic action in glucose-fed rats), or whether the cor-
tical hormone is the primary agent, but requires a minimal amount of
growth hormone for the complete expression of its effect, or whether each
has independent effects, possibly on different sites of fat synthesis in the
body.
The implications of the experiments reported here which have been
developed in the foregoing paragraphs are subject to experimental exam-
ination. It is hoped that additional work on these lines can be carried out
in the future.
Summary
An attempt has been made to study certain endocrine influences on the
process of liponeogenesis from carbohydrate by measuring the uptake of
deuterium into the liver and carcass fats of plateaued female rats on a
high-carbohydrate, fat-free diet. Four groups of 12 animals each were
used: normal rats; adrenalectomized; normal, treated with adrenocortico-
trophic hormone; and normal, treated with growth hormone. The animals
were given deuterium oxide equal to 2 per cent of their body weight and
were provided with drinking water containing 2 per cent deuterium oxide
during the eight days of the experiment. Groups of 3 rats were sacrificed
on the first, second, fourth, and eighth day after administering deuterium,
and the deuterium content of the body (plasma) water and of the isolated
liver and carcass fatty acids was determined.
It is found that the amount of deuterium taken up into the liver and
carcass fats of the adrenalectomized animals is significantly greater than
that taken up into the liver and carcass fats of the normal rats. Treatment
with both ACTH and growth hormone results in a significantly smaller
uptake of deuterium into the liver and carcass fats.
It is concluded that adrenalectomy is followed by an increased rate of
liponeogenesis from carbohydrate and that the adrenalectomized animal
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tends to utilize a greater proportion of carbohydrate over the pathway of
fat synthesis and oxidation. Conversely, activation of the adrenal cortex,
or administration of growth hormone (which may be accompanied by in-
creased adrenal cortical activity or require at least the presence of an active
adrenal cortex) powerfully inhibits the process of fat synthesis from car-
bohydrate.
The bearing of these results upon other known aspects of the endocrine
regulation of carbohydrate metabolism is discussed.
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